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This repor t  is an update of t h e  3-Day 
Report; changes from that  r e p o r t  are ty-ped 
i n  i t a l i c s .  

The evaluation i s  based on prel iminary 
data, and t h e  values a re  subjec t  t o  change. 
A l l  t imes are referenced t o  range zero,  the  
i n t e g r a l  second before l i r t - o f f .  
was 15:02:45 G.m.t . ,  October 11, 1968. 

Range zero 



The Apollo 7 space vehic le  was launched from Cape Kennedy, F lor ida ,  
at 11:02:45 a .m.  e . d . t .  on October 11, 1968. Following a nominal boost 
phase,  t h e  spacecraf t  and S-IVB combination w a s  i n s e r t e d  i n t o  an o r b i t  of 
123 by 153 n a u t i c a l  miles .  
modules from t h e  S-IVB, t h e  crew manually con t ro l l ed  t h e  spacecraft/S-IVB 
combination. After separa t ion ,  a t r anspos i t i on  and simulated docking 
exe rc i se  w a s  completed. Phasing maneuvers were l a t e r  executed i n  prepara- 
t i o n  f o r  a s u c c e s s f i l  rendezvous with t h e  S-IVB. During t h e  10.8-day 
f l i g h t ,  e i g h t  planned maneuvers using t h e  se rv ice  propuls ion system were 
completed, and a l l  major t e s t  object ives  were s a t i s f i e d .  

P r i o r  t o  separa t ion  of t h e  command and se rv ice  

Almost without exception, spacecraft systems operated as intended. 
All temperatures varied wi th in  acceptable l i m i t s  and e s s e n t i a l l y  exh ib i t ed  
p red ic t ed  behavior.  Consumable usage w a s  always maintained a t  s a f e  l e v e l s  
and permit ted in t roduct ion  of addi t iona l  f l i g h t  a c t i v i t i e s  toward t h e  end 
of t h e  mission. Comunications qua l i t y  w a s  genera l ly  good, and l i v e  tele- 
v i s i o n  w a s  t r ansmi t t ed  t o  ground s t a t ions  on seven occasions.  
t h e  rendezvous r ada r  system was completed i n  support  of l a t e r  f l i g h t s  with 
t h e  l u n a r  module. Manual operation of t h e  spacecraf t  by t h e  crew w a s  good. 
Even though they  were somewhat hampered by head colds and congestion, t h e  
crew s a t i s f a c t o r i l y  performed a l l  f l igh t -p lan  f'unctions , and t h e  photo- 
graphic  experiments were completed. 

A t e s t  of 

A normal deo rb i t ,  en t ry ,  and landing sequence was completed, with 
all parachutes  opera t ing  properly.  
260;09:08 i n  t h e  A t l a n t i c  Ocean southeast  of Bermuda, with coordinates  
of 2T0 33' north l a t i t u d e  and 64' 0 4 '  w e s t  longi tude .  
t r i e v e d  by h e l i c o p t e r ,  and both the spacecrar t  and crew were taken  aboard 
t h e  prime recovery s h i p ,  USS Essex. 

The veh ic l e  landed a t  approximately 

The crew w a s  re- 
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T M E C T O R Y  

The Apollo 7 luimch trajectory w a s  essent ia l ly  norrtinal, with o r b i t a l  
i n s e r t i o n  at  OO:lO:27. The o r b i t a l  i n s e r t i o n  condi t ions were a v e l o c i t y  
of 25 551 f t / s e c ,  a fli,Vhtpath angle of 0.00 degree, and an a l t i t u d e  of 
123.0 n. m i .  

After  t h e  command and s e r v i c e  modules were sepa ra t ed  from t h e  S - I n ,  
two phasing maneuvers for rendezvous were performed with t h e  r e a c t i o n  
c o n t r o l  system. The rendezvous sequence w a s  i n i t i a t e d  over Carnarvon 
i n  revolut ion 17 at 26:24:56, with t h e  f i r s t  s e r v i c e  propuls ion maneuver. 
The second se rv ice  propulsion maneuver w a s  performed one r evo lu t ion  l a t e r  
t o  e s t a b l i s h  t h e  necessary c los ing  ra te .  
during the 19th  rsvolut ion a t  29:16:45 using an onboard in tercept  solu- 
t i on .  The crew repo--ted station-keeping with t h e  S-IVB a t  30:OO:OO. A 
f i n a l  separat ion maneuver from t h e  S-IVB w a s  performed i n  >evolution 20 
at 30: 20 : 00. 

The terminal phase was i n i t i a t e d  

This mission w a s  the  f i r s t  in which transponder tracking w a s  accom- 
pZished using the  uni f ied  S-band system only .  
the  uni f ied  ,Wand bw-speed tracking data was good. 
jec tory  f i t s  hme  been obtained f o r  a l l  segments of the mission. 

The overall  qual i ty  of 
Sat is factory tra-  

The deorbi t  maneuver occurred during r evo lu t ion  163 over H a w a i i  a t  
259 : 39 : 16. 
l a n d i n g  a t  approximately 260:09:08. 

The guidance and navigation controlled entry was nominal wi th  

Table I contains a summary of a l l  rendezvous and subsequent s e r v i c e  
propulsion maneuvers. Table I1 contains  t h e  o r b i t a l  elements f o r  each 
maneuver. 
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SYSTi3MS PERFORMANCE 

STRUCTURES 

S t r u c t u r a l  loads were below design l i m i t  values f o r  a l l  phases of 
f l i g h t .  The peak ground winds j u s t  p r i o r  t o  l i f t - o f f  \were wi th in  1 knot 
of t h e  s t r u c t u r a l  red l i n e ;  however, t h e  measured launch vehic le  s t r a i n  
da t a  ind ica t ed  t h a t  only 50 percent of t h e  l i m i t  loads were encountered. 
The peak wind i n  t h e  max q region w a s  52 f t / s e c ,  and s t r u c t u r a l  loads 
w e r e  less than  25 percent  o f  limit. The a x i a l  load  f a c t o r  at t h e  end of 
S-IB boost was  4.3g, compared with t h e  design axial l oad  f a c t o r  of 4.86g. 

Although the  crew reported a " s l igh t l y  bwrrpy" S-IVB f l i g h t ,  peak 
osc i l la tory  accelerations measured in the  conrmand module did not  exceed 
0.05g in any d t b e c t i m ,  and structural loads mre insignificont. 

The deployment angle on one of  the four adapter panels w a s  l ess  than 
30 degrees. The acceptable angle -Ls 34 .to 50 degrees. Phot0gr.aph.s s h m  
tha t  the  re ten t ion  cable which should have held the  panel f u l l y  open ZJUS 

miss.l:ng. 

THERMAL CONTROL 

Temperatures of all passive elements of t h e  spacecraf t  remained 
wi th in  limits for an e a r t h  o r b i t  mission. The command module a h l a t o r  
temperature ranged from 3O t o  9 5 O  F as expected. However, t h e  s e r v i c e  
propuls ion f eed l ines  w e r e  warmer than  expected; consequently, t h e  hea te r s  
w e r e  no t  requi red .  The monitored temperatures f o r  t h e  se rv ice  propul- 
s ion  and r e a c t i o n  con t ro l  propel lant  and helium tanks s1owl;y decreased 
throughout t h e  mission. 
were never approached during the f l i g h t .  The thermal e f f i c i ency  of t h e  
se rv ice  module in su la t ion  appeared t o  be adequate based on t h e  tempera- 
ture  h i s t o r i e s  of t h e  tanks.  

The " f rac ture  mechanics" temperature l i m i t s  

No s p e c i f i c  ins tances  of  extended temperature increases  were noted 
during t h e  e n t i r e  mission. Over t h e  3-hour per iod of t h e  serv ice  propul- 
s ion  system cold soak, all quad tanks showed a d e f i n i t e  cooling t r end .  
This type of response i s  ind ica t ive  of what w i l l  occur on a t r ans luna r  
mission when t h e  vehic le  i s  not i n  t h e  pass ive  thermal con t ro l  mode and 
t h e  se rv ice  module i s  being cold soaked. 
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THERMAL PROTECTION 

The t3iermal protection system performed as expected. S u f f i c i e n t  
data were obtained t o  allow evaluation of the  f l a t  apex thermal protec- 
t ion ,  and extrapolation t o  the  design f o r  manned lunar entry indicates  
no constraint for  future missions. 

Temperature measurements indicate  the  surface of the  a f t  heat shield 
reached approximately 2700' F.  Because the f l i g h t  qual i f ica t ion  recorder 
t-ape ran out 373 seconds before landing, t he  m a x i m  in-depth temperature 
response cannot be determined. 

The heat shield performed wel l  during the mission. The a f t  heat 
shield zJas charred t o  a depth of approximately 0.5 inch. 

The uinctward crew compartment heat shield (+Z) was s l i g h t l y  charred. 
thermal coating remained attached t o  the leeside of the  crew compartment 
heat sh ie ld ,  with no signs of hot spots.  The white paint  on the outside 
of the forward hatch was not  af fected by the  entry heating, however, two 
nylon handles on the forward hatch were fused and par t ia l l y  disintegrated. 

A m a x i m  ab- 
I la tor  temperature of 2500O F a t  0.05 inch below the surface i s  indicated. 

The 

EARTH LANDING SYSTEM 

The ear th  landing system performed s a t i s f a c t o r i l y .  
crew observations, the earth landing system functioned i n  the automatic 

Based on f l i g h t  

I sequmcing mode, with a l l  events occurring as planned. 

Preliminary pos t f l i gh t  examination of t he  crew couch impact attenua- 
t i o n  s t r u t s  indicated tha t  no stroking occurred. 

MECHANICAL SYSTEM? 

The mechanical system harhare  functioned properly. The VHF recov- 
ery antenna and flashing l i g h t  deployment mechanisms were erec t  and locked, 
and the  flashing l i g h t  performed sa t i s fac tor i l y  when b r i e f l y  turned on by 
the  crew for checkout. The sea dye marker was not deployed. 

The command module turned  over t o  t h e  s t a b l e  I1 f l o t a t i o n  a t t i t u d e  
a f t e r  a sof't water landing and w a s  subsequently re turned  t o  t h e  upr ight  
( s t a b l e  I )  a t t i t u d e  by t h e  upr ight ing  system. 

hatch counterbalance was recharged by the commander before hatch opening. 
The maximwii torque required t o  open the hatch a f t e r  recovery w a s  a nominal 

The unified side hatch apparently performed sa t i s fac tor i l y .  The 
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100 inch-pounds. Although the  forward ablator and pressure hatches t o  
the  tunneZ remained i n  the  Zatched pos i t ion  during fZ ight  and Zanding, 
approximateZy 400 pounds of water flowed i n t o  the  docking tunnel whiZe 
the  comand module was i n  stabZe II. 
quired t o  determine h m  t h e  water entered the  tunnel. 

Fuxther inves t iga t ion  W i l l  be re- 

AERO DYNAUCS 

The pre l iminaq caZcuZation for  the  entry Zift-to-drag r a t i o  a t  
i n i t i a l  t r i m  i s  0.30, compared with the  predicted value of 0,307. 
t r i m  l i f t - to-drag ra t io s  were as expected. 
at tack w a s  estimated as 160 degrees. 

Later 
The in i t i aZ  t r i m  angle of 

ELECTRICAL POWER AND SEQUENTIAL 

Power D i s t r i b u t i o n  

The e l e c t r i c a l  power system maintained t h e  ac and dc vol tages  wi th in  
nominal limits except f o r  t h e  discrepancies discussed i n  t h e  following 
paragraphs. 

The crew repor t ed  two ac bus 1 f a i l u r e  ind ica t ions  and one ac bus 1 
and 2 f a i l u r e  i n d i c a t i o n  e a r l y  i n  t h e  mission. Power w a s  r e s t o r e d  t o  
normal by r e s e t t i n g  t h e  ac bus sensors.  The occurrences were coincident  
wi th  t h e  cryogenic oxygen tank fans and hea ters  cycl ing OFF i n  t h e  auto- 
matic mode. The only condi t ion under which an ac bus can be automatic- 
a l l y  disconnected i s  an overvoltage being sensed by t h e  ac overload sens- 
i n g  u n i t .  A f t e r  a procedural change w a s  made t o  prevent t h e  fans i n  both 
tanks from cycl ing OFF simultaneously, t h e  problem d id  not  r e c u r  for t h e  
remaining 200 hours of f l i g h t .  Post f l igh t  t e s t s  indicate tha t  the  cause 
i s  associated with ar&ng of a motor-operated switch which automaticalZy 
controls t he  fans and heaters i n  the o q g e n  cryogenic tanks.  
switch i s  environmental Zy sealed rather  than hermetically sealed, thereby 
exposing the  switch cavi ty  t o  a high probabiZity of bleeding down t o  pres- 
sures which support e r ra t i c  arcing of t he  ac contacts. Both individual  
dropouts of ac bus 1 and ac bus 2 and simultaneous dropout of both have 
been reproduced during postfZight t e s t s  With the  cavity exposed t o  Zm 
pressures. 

The motor 

Two o t h e r  occurrences were a s soc ia t ed  with a c t i v a t i o n  of t h e  cryo- 
genic tank f ans :  a master alarm w a s  observed at t h e  beginning of t h e  
cryogenic h e a t e r  cycle a t  t he  time both buses dropped ou t ,  and t h e  d i g i t a l  
event t imer  s t a r t e d  inadvertent ly  once when t h e  oxygen fans were tu rned  
on manually. 
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A discrepant undervoltage condition was encountered with the main A 
and B d c  buses a t  command modute/service module separation; t h i s  i s  dis-  
cussed under bat ter ies .  

Fuel  Cel ls  

A l l  power requirements imposed on t h e  t h r e e  fuel  c e l l s  were satis- 
f i e d .  

P r i o r  t o  t h e  f i f t h  se rv i ce  propuls ion maneuver, t h e  condenser e x i t  
temperature of fuel  c e l l  2 increased  from 160' t o  180' F (nominal i s  155' 
t o  165' F ) .  The e l e c t r i c a l  load w a s  removed from f i e1  c e l l . 2  for approxi- 
mately 54 minutes t o  permit cool ing p r i o r  t o  t h e  se rv ice  propuls ion man- 
euver.  Performance of t h e  fuel c e l l  w a s  s a t i s f a c t o r y  during t h e  maneuver. 
Four days l a t e r ,  t h e  e l e c t r i c a l  load w a s  again removed from f'uel c e l l  2 
f o r  a shor t  period of t i m e  as a precaut ionary measure t o  in su re  proper 
performance during t h e  deo rb i t  maneuver. 

The da ta  ind ica t e  a poss ib l e  malfunction i n  t h e  genera tor  bypass 
valve which controls  g lycol  flaw t o  t h e  condenser e x i t .  Another possi-  
b i l i t y  i s  t h a t  t h e  flow i n  t h e  g lycol  coolant loop w a s  r e s t r i c t e d .  The 
r e s u l t  w a s  t h a t  t h e  g lycol  coolant en ter ing  t h e  f u e l  c e l l  from t h e  space- 
c r a f t  r a d i a t o r  w a s  h o t t e r  than  normal, and t h e  condenser ex i t  temperature 
subsequently increased under t h e  h igher  power load .  
c a p a b i l i t y  of t h e  fuel c e l l  w a s  only s l i g h t l y  a f fec ted .  Thermal con t ro l  
by t h e  corresponding bypass valve i n  f u e l  c e l l  1 w a s  abnormal i n  one in- 
s tance ;  t h e  condenser e x i t  temperature increased  t o  175' F during t h e  
f i r s t  per iod  when only two f u e l  c e l l s  were car ry ing  t h e  load .  It operated 
normally a f t e r  f u e l  c e l l  2 w a s  re turned  t o  t h e  bus ,  and t h e  problem w a s  
not evident  the  second t i m e  fuel  c e l l  2 w a s  removed from t h e  bus.  

The load-sharing 

B a t  t e ri e s 

The voltage and cur ren t  de l ivered  by t h e  en t ry  b a t t e r i e s  and pyro- 
technic  b a t t e r i e s  were wi th in  t h e  range of normal b a t t e r y  performance 
throughout the mission consider ing loads , s t a t e s  of charge , and ambient 
temperature i n  t h e  areas  i n  which t h e  b a t t e r i e s  were i n s t a l l e d .  

The chaxge r a t e s  on b a t t e r i e s  A and B were much lower t h a n  expected. 
However, spec ia l  ground t e s t s  performed during t h e  f l i g h t  showed t h a t  two 
f a c t o r s  contr ibuted t o  t h i s  condi t ion:  l i n e  impedance between t h e  b a t t e r y  
and charger ,  and t h e  p a r t i c u l a r  c h a r a c t e r i s t i c s  of t h e  b a t t e r y  and b a t t e r y  
charger system under t h e  f l i g h t  condi t ions.  
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Results from charges conducted on the entry bat ter ies  reaff irm the 
i n a b i l i t y  t o  f u l l y  recharge in a reasonable time because of the l i ne  
drop between the charger and t h e  ba t t e r i e s .  

The main bus vo l t age ,  as read out onboard a t  command module/service 
module .separat ion,  unexpectedly dropped t o  approximately 25 .O v o l t s  and 
a ZOZJ voltage a Z m  occurred, but t hen  gradual ly  increased t o  a nominal 
level  p r i o r  t o  blackout.  
system. 
s ta t e s  of charge on the bat ter ies .  

The law voltage d i d  not a f f e c t  operation of any 
!Two factors  producing t h i s  condition are law temperatures m d  

Sequential  

During t h e  mission, t h e  sequent ia l  system performed emergency detec- 
t i o n  system abort  enable,  tower j e t t i s o n ,  launch-vehicle/spacecraft separa- 
t i o n ,  command module/service module sepa ra t ion ,  and t h e  e a r t h  landing func- 
t i o n s  (see table I11 f o r  a l i s t  of mission event t i m e s ) .  

The l o g i c  and pyrotechnic bus suppl ied t h e  s e q u e n t i a l  system with t h e  
proper vol tages  thrQughout t h e  f l i g h t .  

CRYOGENICS 

The cryogenic s to rage  system performed s a t i s f a c t o r i l y  during t h e  
mission. Excess r e a c t a n t s  were a v a i l a b l e  because spacec ra f t  power levels 
were s l i g h t l y  below those  predicted f o r  t h e  mission and because a t  l i f t -  
o f f  t h e r e  were 0.74 pounds of hydrogen and 42.7 pounds of  oxygen above 
t h e  r e spec t ive  minimum f i l l  l e v e l s .  

Automatic quan t i ty  balancing i n  t h e  oxygen tanks was accomplished 
w i t h i n  1-1/2 percent  even though t h e  fans i n  oxygen tank 2 were not oper- 
a t e d  automatical ly  for a major port ion of t h e  mission. Automatic quan t i ty  
balancing i n  t h e  hydrogen tanks and one manual quan t i ty  adjustment were 
success fu l ly  performed. The c r i t e r i a  f o r  t h i s  mission were balancing t o  
w i t h i n  3 pe rcen t .  

Heat l e a k  values of approximately 80 Btu/hr on t h e  oxygen tanks a f t e r  
t h e  launch phase v i b r a t i o n  were as expected s i n c e  t h e  VAC-ION pumps were 
not  energized. A s  t h e  mission continued, t h e  h e a t  l e a k  values decreased 
t o  25 Btu/hr and t h e  p red ic t ed  oxygen vent ing d id  not occur. The favor- 
able phenomenon of heat  leak decrease cannot be explained at  t h i s  t ime. 
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A s  previously mentioned, an overvoltage condi t ion occurred t h r e e  
t imes i n  t h e  ac e l e c t r i c a l  system. Coincidently i n  each case ,  t h e  four  
owgen tank fans were turned  of f .  By p lac ing  t h e  tank 2 fans  i n  manual 
mode, no f’urther overvoltage conditions were observed during t h e  remainder 
of t h e  m i s s i o n ,  and no s i g n i f i c a n t  pressure o r  quant i ty  readout f luc tua-  
t i o n s  were noted with approximately 5-minute motor runs at  i n t e r v a l s  of 
8 t o  12 hours. 

COMMUNICATIONS 

The communications system, which includes voice ,  t e lemet ry  , updata, 
t e l e v i s i o n ,  and t racking  c a p a b i l i t y ,  s a t i s f a c t o r i l y  supported t h e  mission. 

The received S-band carrier power leve ls  during the  launch phase and 
the f i r s t  service propulsion maneuver agree with prernission predictions.  

The VHF and S-band voice links provided good communications. The 
onboard t e l ev i s ion  equipment w a s  operated on seven occasions with good 
p i c t u r e  qua l i ty .  The playback voice performance va r i ed  i n  q u a l i t y  from 
noisy t o  good as received by t h e  network s i t e s  during recorder  dumps. 
Some dropouts o f  both real-time and playback te lemetry were noted; how- 
ever ,  ove ra l l  te lemetry performance w a s  s a t i s f a c t o r y .  

Downlink da ta  and voice subca r r i e r s  were l o s t  at  approximately 
65 hours i n t o  t h e  mission. 
shared on the  backup S-band FM mode u n t i l  f u l l  communications c a p a b i l i t y  
w a s  r e s to red  by switching t o  t h e  a l t e r n a t e  S-band transponder.  

R e a l - t i m e  te lemetry and t e l e v i s i o n  w e r e  t i m e -  

The VHF voice duplex-B mode w a s  s a t i s f a c t o r y  during t h e  countdown 
and launch phase u n t i l  about 7 minutes. A t  t h a t  t i m e ,  voice qua l i t y  be- 
came garbled on downlink rece ivers  and d id  not completely c l e a r  u n t i l  
simplex-A was se l ec t ed  over t h e  Canary I s lands  t r ack ing  s t a t i o n .  The 
operat ion of t h e  duplex-B mode w a s  successfu l ly  r e v e r i f i e d  a t  about 
7-112 hours i n t o  t h e  mission. 
indicates  that the garbled voice and the  fa i lu re  of the  crew t o  receive 
attempted transmissions during the  launch phase resul ted from improper 
ground operating procedures. 

Rewiew of currently maiZabZe information 

USS HuntsviZle l o s t  contact with t h e  spacecraf t  approximately 2 min- 
u tes  e a r l y  during the  f i n a l  revolu t ion .  S-band communications blackout 
at Merritt Is land occurred a t  259:54:58; t h e  s i g n a l  w a s  acquired by 
Bermuda a t  259 :59 :46, t h e  f i r s t  repor ted  contact a f t e r  blackout .  
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The recovery forces reported tha t  the VHF recovery beacon signal 
uas not received dufing parachute descent. 
beacon was t w n e d  on a t  approximately 9000 f e e t ,  turned off while the 
spacecraft w a s  i n  Stable II a f t e r  l a n d i n g ,  and turned on again uhen 
S t a b l a  I was achieved. The recovery forces reported receptLon of the  
beacon only a f t e r  the  spacecraft returned t o  stable I pos i t ion .  
f l i g h t  t e s t ing  indicates  tha t  the u n i t  i s  working properly, but  the f r e -  
quency has sh i f t ed  1 MHz. 

The crew reported tha t  the 

Post- 

RADAR 

A t e s t  of t h e  rendezvous radar transponder w a s  success fu l ly  completed 
with t h e  White Sands Missi le  Range during r evo lu t ion  48. Approximately 
47 seconds of d a t a  were obtained. 
on t h e  spacec ra f t  transponder at a range of 390 n .  m i .  and t r acked  t o  a 
r a g e  of  415 n .  mi. 

The ground r ada r  acquired and locked- 

INSTRUMENTATION 

The instrumentation performance w a s  s a t i s f a c t o r y  throughout t h e  
mission except f o r  t h e  discrepancies noted. The performance o f  t h e  d a t a  
s to rage  equipment w a s  s a t i s f a c t o r y  throughout t h e  mission. 

A t  U:O9 : 2 3 ,  t h e  c e n t r a l  timing equipment w a s  reading c o r r e c t l y  
over USS Redstone. 
r e s e t  at  11:25:17. 
H a w a i i  and continued t o  read co r rec t ly .  

A t  12:07:26, it w a s  reading 00:42:09, i n d i c a t i n g  a 
The t iming equipment w a s  updated a t  12:26:20 over 

The high level  cormnutator fa i l ed  a t  2 5 9 : 4 3 : 5 0 .  Data from the  f l i g h t  
qual i f ica t ion  recorder indicate  non-synchronous operation. Prel iminaq 
pos t f l i gh t  t e s t s  indicate  an abnormally high signal output, but wi th  
synchronous operation. 

Two discrepancies  were encountered with t h e  biomedical instrunenta-  
t i o n  equipment; t h e s e  a r e  discussed under C r e w  Provis ions.  

DISPLAYS AND CONTROLS 

The displays and controls performed sa t i s fac tor i l y  throughout the 
mission. 
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The crew reporated one element out on each of tu0 f loodl ights ,  one 
on the guidance and rzavigation panel, and the  other on the lover equip- 
ment b q .  

The g lms  i n  t7La mission event timer cracked sometime during the  
m<;s ion. 

LiJIDANCE AND CONTROL 

{iuidance and control. system performance w a s  s a t i s f a c t o r y  through- 
a t  t’ie mission. 
ascent phase, and adequate guidance and navigation performance m m i  toring 
displays were provided t o  the crew. Manual a t t i t ude  control of the  S-IVB 
vas successfully C’ wn.;tr(nted prior  t o  separation. The iner t ia2  measure- 
w n t  tinit was opiicall!!  aligned over t h i r t y  times during the mission, i n -  
c ludi?g  once while s t i l l  attached t o  the S-IVB. 
were exercised, a: 1 three crew members performed several alignments, and 
a t  leas t  one da3light alignment w a s  performed successful ly .  
the  s t u r  angle di,”ference check, made a f t e r  each alignment, indicated 
Ji f ferences of 0 . 0 ~ 2  degree or less .  
crtx opt ical  aligr-inelit s igh t  (Ci lRs) and the sextant were successfully 
?mio7~ -t;ated. 

down cdndition an I n i  inei+ial orientation success f u l l y  established nine 
times. D a y  l i gh t  s ta r  v i s i b i  Zi ty data were obtained f o r  the  telescope 
from star counts made across sunrise and s m s e t .  Some d i f f i c u l t y  was 
experienced i n  making s t a r  sightings following waste dwrrps or venting 
when sunlight-?: Zluminated part ic les  entered the opt ics  f i e l d  of view. 
Orbital navigatior through landmarks tracking was demonstrated u s i n g  both 
Idnomi 2nd unknown laxhark  options. 
T t tmpted  but uiere not successful  because the  crew w a s  unable t o  d i s -  
;ingzlish a 7 se fu l  horizon locator. 
made succes:’fu 2 Zy . 

A l l  S-IVB monitoring functions wgre proper through the 

A l l  alignment options 

In a l l  cases, 

Backup alignment methods using the 

T h ,  i ner t ia l  meiistu?ement un i t  was brought up from a power- 

Star/’earth horizon sightings were 

Star/lwzar horizon measurements were 

The guidance and  navigat ion system, using o p t i c a l  t r a c k i n g  da ta ,  
supported t h e  rendezvous with t h e  S-IVB. A l l  s i g n i f i c a n t  a t t i t u d e  c o n t r o l  
morles i n  both t h e  pr ime and t h e  backup system were t e s t e d  and appeared t o  
rerform s a t i s f a c t o r i l y .  Thrust vector  c o n t r o l  of t h e  s e r v i c e  propulsion 
engine was demonstrated Tising both t h e  guidance and navigat ion ( f i v e  t imes)  
and t h e  s t a b i l i z a t i o n  and c o n t r o l  system ( twice) ;  mid-maneuver manual take- 
over techniques were a l s o  success fu l ly  demonstrated (once).  

ztq uac; pei!.~errne,! using the  automatic mode of the  guidance and 
Pe14~*~1-~  tire appears pro;)rr  throughout entry; 36th 

iyi.rijb 9 ~ ’  the cormnard rnodulc reaction ccrltrol system were used, consuming 
cxypro..<mately 50 ~ J L L Y I &  Pf propeZlmt.  Entry range from 400 000 f e e t  t o  

. . ;;on s y s ’ m .  
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landing w a s  approximatsly 1500 n. m i .  
trace has been ver i f i ed  correct pos t f l i gh t .  
operations occurred a t  times i n  f l i g h t .  
l i f t - o f f .  
c o m t e z  operated correctly during f i r i n g s .  

t r o l l e r  minus-pitch breakout switch was r epor t ed  t o  have operated in-  
adve r t en t ly  once e a r l y  i n  t h e  mission. 
a t t i t u d e  i n d i c a t o r  no. 1 indicated an abnormal s h i f t  i n  t h e  p i t c h  axis 
when being dr iven by t h e  backup a t t i t u d e  reference system; p o s t f l i g h t  
te.qts have fa i l ed  t o  duplicate the probZem. No ope ra t iona l  c a p a b i l i t y  
was l o s t  as a r e s u I t  of e i t h e r  problem. 

The entry monitor system g/veZo&ty 
l'uo types of abnomnul counter 

Both had been observed before 
Accelerometer bias was wi th in  tolerance and the  de l ta  ve loc i ty  

Two hardware problems were encountered. The rota; t ional  hand con- 

The ba l l  on f l i g h t  d i r e c t o r  

, 

A t  215 :59 :OO, t h e  crew reported t h a t  t h e  i n t e r i o r  l i g h t s  had been 
dimmed t o  check t h e  v i s i b i l i t y  o f  t h e  e x t e r i o r  l i g h t s .  
were br ightened,  a computer program alarm e x i s t e d ,  
and t h e  problem d i d  not r ecu r .  

When the  l i g h t s  
The a l a r m  w a s  r e s e t  

.~ REACTION CONTROL SYSTEMS 

A l l  spacec ra f t  r e a c t i o n  con t ro l  system parameters were -normal 
throughout t h e  mission, and both systems operated s a t i s f a c t o r i l y .  

The primary s e r v i c e  module quad hea te r s  performed normally and 
maintained a l l  quad package temperatures between 118O and 141' F during 
t h e  mission. 
quad C dur ing  rendezvous maneuvers. 
70' F m i n i m  and 220' F m m i m .  
tures ,  i n i t i a l l y  a t  approa5mate'ly 75' F ,  gradually decreased, reaching a 
m i n i m  of 33' F on quad A a f t e r  10-2/2 dags. 
temperatures f o l  l m e d  the individual helium tank tempercatmes vemj closely ,  
although the  heliwn tanks remained 5' t o  10' F higher at a l l  t imes.  

The maximwn quad temperature monitored was  155' F on 
Quad package temperature Jimits were 

The propellant-tank qu t l e t  tempera- 

The v d a t i o n  i n  these 

The helium regu la to r s  for  t h e  s e r v i c e  module r e a c t i o n  c o n t r o l  system 
maintained t h e  helium and propel lant  manifold pressures constant  within 
4 psi .  

Prope l l an t  u t i l i z a t i o n  w a s  near  t h e  p red ic t ed  nominal i n  most cases .  
The i so la t ion  of individual quads was necessary t o  maintain reasonable 
d i s t r ibu t ion  of usable propellant. 
primary propellant tanks t o  the  secondary tanks based on a 43-percent pro- 
pellank remaining reading from the ground calculations.  The onboard pres- 
sure/temperature gage (prope l lan t  quantity gaging system) readings a t  t h i s  

The quads were mi t ehed  from the 
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time varied from 46 t o  54 percent. 
from temperature cal ibrat ion e f f e c t s ,  because the calibrations a t  40' F 
and 70' F were several percent apart. 

These variations probably resu l ted  

Zero helium leakage w a s  i nd ica t ed  from t h e  command module r e a c t i o n  
con t ro l  system p r i o r  t o  a c t i v a t i o n  jus t  be fo re  t h e  deo rb i t  maneuver. 
command module engine valve warm-up procedure w a s  not r equ i r ed  because 
t h e  engine i n j e c t o r  temperatures remained above 46" F p r i o r  t o  system 
a c t i v a t i o n .  The command module r e a c t i o n  con t ro l  system performed normally 
from a c t i v a t i o n  through landing. 
used d u r i n g  entry i n  combinations of dual- and single-system f i r i n g s .  The 
totab propellant consumed i n  systems A and B w a s  computed as appro~mateZy 
29 and 21 pounds, respect ively .  

The 

Both manual and automatic control were 

SERVICE PROPULSION SYSTEM 

The eight planned f i r i n g s  of t h e  s e r v i c e  propulsion engine were per- 
formed, and t h e  system operat ion w a s  s a t i s f a c t o r y  i n  a l l  a spec t s .  The 
a c t u a l  t i m e s  , durat ions , and v e l o c i t y  changes a r e  summarized i n  t a b l e  I. 

The i g n i t i o n  t i m e  f o r  t h e  t h i r d  maneuver w a s  advanced 16 hours from 
t h e  o r i g i n a l  f l i g h t  p l an  t o  improve t h e  margin of deo rb i t  c a p a b i l i t y  with 
t h e  s e r v i c e  module r e a c t i o n  con t ro l  system. To ensure t h e  v e r i f i c a t i o n  
of t h e  propel lant  gaging system, t h e  f i r i n g  t i m e  for t h e  f i f t h  maneuver 
w a s  increased from 61  t o  66 seconds so  t h a t  both po in t  sensors would be 
uncovered during s t eady- s t a t e  engine operat ion.  P rope l l an t  quan t i ty  d a t a  
i n d i c a t e  t h a t  both sensors were uncovered. Af t e r  t h e  f i f t h  maneuver, a 
3-hour cold-soak t e s t  was performed, with no notable  decrease i n  tempera- 
t u r e s  wi th in  t h e  system. 

Thermal c h a r a c t e r i s t i c s  of t h e  system appeared t o  be b e t t e r  t han  
a n t i c i p a t e d  f o r  random, d r i f t i n g  f l i g h t  i n  t h a t  t h e  r a t e  of  temperature 
decrease was  l e s s  t han  p red ic t ed .  

ENVIRONMENTAL CONTROL SYSTEM 

Performance of  t h e  environmental con t ro l  system w a s  s a t i s f a c t o r y .  

The crew w a s  i s o l a t e d  from 
During prelaunch ope ra t ions ,  t h e  cabin w a s  purged t o  an atmosphere of 
60-percent oxygen and 40-percent ni t rogen.  
t h e  cabin by t h e  s u i t  c i r c u i t  , which contained 100-percent oxygen. D u r -  
ing launch, t he  cabin sea l ed  o f f  at  5.9 psis. Cabin pressure continued 
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t o  decrease as a funct ion of t h e  cabin enrichment procedure. 
cedure w a s  terminated at  about 00:11:00, and t h e  oxygen content w a s  73 per- 
cent  of t h e  t o t a l  cabin pressure.  Cabin leakage w a s  estimated t o  have 
been 0.1 l b / h r ,  which agrees with t h e  prelaunch va lue .  

This pro- 

The r a d i a t o r s  s a t i s f a c t o r i l y  r e j e c t e d  t h e  spacecraf t  heat  loads t o  
t h e  ex ten t  t h a t  t h e  evaporators were not required.  The primary evapora- 
t o r  i s  requi red  only when t h e  heat loads exceed t h e  r a d i a t o r  c a p a b i l i t y ;  
under t h e  l o w ,  va r i ab le  heat  loads which e x i s t e d ,  t h e  evaporator oper- 
ated e r r a t i c a l l y  i n  t h e  automatic mode, causing what appeared t o  be wick 
drying and subsequent f l a s h  freezing. The automatic con t ro l  dynamics are 
such t h a t  t h i s  condi t ion can be expected. The evaporator w a s  f requent ly  
se rv i ced  with water i n  an attempt t o  keep it working under t h e s e  con- 
d i t i o n s  but w a s  subsequently turned o f f ,  

The secondary coolant loop was tes ted  f o r  8 hours with t h e  secondary 
evapora tor ,  which w a s  se rv iced  p r io r  t o  f l i g h t .  The t e s t  w a s  begun with 
a hea t  load  of 1400 watts; halftray through t h e  t e s t ,  t h e  load  w a s  in-  
creased t o  1800 watts. The dynamic response of t h e  secondary evaporator  
w a s  such t h a t  s t a b l e  operat ion of t h e  evaporator con t ro l  system w a s  
achieved. Under t h e  automatic demand, t h e  evaporator w a s  requi red  about 
50 minutes pe r  revolu t ion  during t h e  t e s t .  
operated d i f f e r e n t l y  from t h e  primary because t h e  heat  load w a s  higher  
as a result of t h e  lower capacity of t h e  secondary r a d i a t o r s .  

The secondary evaporator 

Moisture condensed on cold,  uninsulated coolant l i n e s ,  as an t i c ipa t -  
ed,  and w a s  dumped overboard by t h e  crew u t i l i z i n g  t h e  ur ine  transfer 
hose and cabin enrichment purge assembly. Some condensation w a s  a l s o  
noted i n  t h e  s u i t  umbil ical  hoses. 

A water leak  w a s  observed at t h e  B-nut connection t o  the  waste water 
quick disconnect during t h e  overboard dumps. 

The u r ine  dump system operated normally and no ind ica t ion  of  f reez-  
i n g  w a s  observed. 

Post f l igh t  t e s t ing  has revealed that  the -two check valves which induce 
mixing of the  injected chlorine solution i n t o  the potable water supply have 
high in ternal  leakage. This condition would cause some f rac t ion  of the  in- 
jec ted  chlorine f l u i d  (5000 ppm) t o  bypass the  tank and f lm direc t ly  t o  
the  crew withdrawal points .  

Both cabin fans were operat ing at l i f t - o f f ;  however, one was tu rned  
off a f te r  o r b i t a l  i n s e r t i o n  t o  reduce t h e  high noise  l e v e l .  The second 
cabin fan  w a s  subsequently turned o f f .  The measured cabin temperature 
w a s  between 6 5 O  and 75' F and was not s i g n i f i c a n t l y  a f f e c t e d  by fan opera- 
t i o n .  
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CREW PROVISIONS 

The crew equipment operated s a t i s f a c t o r i l y  during t h e  mission with 
the exception of t he  biomedical instrumentat ion equipment and t h e  water  
metering dispenser.  

Two discrepancies were encountered with t h e  biomedical instrumentn- 
Lion equipment. F i r s t ,  a wire was broken a t  t h e  connector t o  t h e  EKG 
s i g n a l  condi t ioner  on each of two harnesses .  I n  a d d i t i o n ,  t h e  p i n  CGA- 

nector;  t o  t he  sensors p e r i o d i c a l l y  became disconnected. Second, t h e  
dc-dc converter on t h e  command module p i l o t  w a s  r epor t ed  t o  have become 
hot t o  the touch (approximately 120° F ) .  A s  a precaut ionary measure, 
t h e  harnesses  were disconnected from a l l  t h r e e  crewmen. Post f l igh t  t e c i -  
ing of the  dc-de converter has indicated tha t  the uni t  operates nominally 
r e la t i ve  t o  a l l  speci f ied values. 
factory during pos t f l i gh t  t e s t ing ;  however, a blue-green foreign substancdc: 
was found i n  the e l ec t r i ca l  connections on each end of the control head 
of the biomedical/comnications cab Zing. This substance i s  being ana- 
l y z e d .  

The spacecraft c i r cu i t s  were sa t i s -  

The manual t r i g g e r i n g  device for t h e  water metering dispenser  becam 
inc reas ing ly  d i f f i c u l t  t o  operate  as t h e  mission progressed. Post f l igh ,  
t e s t ing  has shown. that  the metering O-ring increased i n  outside diameter. 
A new O-ring was ins ta l led  i n  the f l i g h t  a r t i c l e ,  and the t r igger  actua- 
t o r  forces returned t o  speci f ied l im i t s .  The Neoprene O-ring i s  not com- 
pat ible  wi th  chlorine and therefore tends t o  swell .  

A functional deficiency w a s  encountered w i t h  the sleeping bags in 
that  the l m e r  end of the  bag allowed lower leg motion. 
being implemanted t o  add re s t ra in t  straps t o  both corners of the  foot 
end of the  bag. 

A change i s  



FLIGHT CREW ACTIVITIES 

Crew performance w a s  s a t i s f a c t o r y  throughout t h e  mission,  even though 
a l l  t h r e e  crewmen had head colds and congestion. 

The mission w a s  conducted e s s e n t i a l l y  i n  accordance with t h e  nominal 
f l i g h t  plan.  The only s i g n i f i c a n t  a l t e r a t i o n  t o  t h e  f l i g h t  p lan  w a s  t h e  
reschedul ing of t h e  t h i r d  serv ice  propuls ion maneuver from t h e  58th t o  
t h e  48th revolu t ion .  Addit ional  photography w a s  accommodated during t h e  
l a t t e r  por t ion  of t h e  mission. 

The crew s ta t ion  was adequately configured f o r  t h i s  mission, and 
only minor changes, such as the  sleep re s t ra in t  and shielding of some 
main d i s p l a y  instruments from sun glare, are required f o r  subsequent 
nrissions. 

The crew quickly became adapted t o  moving about the cabin under 
zero-g conditions; therefore,  no special res t ra in ts  are required f o r  in-  
travehicular a c t i v i t y .  

The creu reported tha t  the  hand controllers were somewhat susceptible 
t o  inadvertent act ivat ion during intravehicular motion. 

The deorb i t  , e n t r y ,  and landing sequences were accomplished normally. 
The spacecraf t  assumed t h e  s t ab le  I1 (apex-down) a t t i t u d e  af ter  landing 
and w a s  uprighted t o  t h e  s t a b l e  I (apex-up) pos i t i on  by i n f l a t i o n  of t h e  
upr ight ing  bags. The crew e l ec t ed  a he l i cop te r  pickup f o r  t h e  approxi- 
mately 3-mile t r i p  t o  t h e  recovery c a r r i e r .  

Entry accelerations were reported t o  be lm and landing was s o f t ,  
presenting no discomfort t o  the  creu. 
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MISSION SUPPORT PERFORMANCE 

FLIGHT CONTROL 

F l i g h t  con t ro l  performance w a s  s a t i s f a c t o r y  f o r  t h e  e n t i r e  mission. 

NETWORK 

Network performance w a s  s a t i s f a c t o r y  during t h e  mission. Seve ra l  
minor problems were encountered, bu t  none a f f e c t e d  t h e  mission ope ra t ions .  

RECOVERY 

Recovery operat ions were success fu l ly  e f f e c t e d  i n  t h e  West A t l a n t i c  
by t h e  prime recovery s h i p ,  USS Essex, on October 2 2 ,  1968. The follow- 
ing t a b l e  l i s t s  t h e  major recovery events on October 22,  1968: 

Greenwich m e a n  
t ime, hr:min 

1 ~ 0 5  

n o 7  
11 : 08 

1 1 : 2 4  

1 1 : 3 2  

1 1 : 3 4  

1 1 : 4 3  

31:47 

1 2 : o o  

1 2 : 0 8  

13 : 03 

Event 

S-band contact  by recovery a i r c r a f t  

VHF voice r ecep t ion  by USS Essex 
Landing 

VHF recovery beacon contact by recovery 
helicopters 
Visual s i g h t i n g  by recovery h e l i c o p t e r  

Swimmers and f l o t a t i o n  co l lar  deployed 
F l o t a t i o n  c o l l a r  i n s t a l l e d  

Conanand module hatch open 
Fl ight  crm aboard hel icopter  
Fl ight  crew aboard recovery ship 
Command module aboard recovery s h i p  



The weather conditions reported by the  recovery ship a t  the  time 
of command module re t r i eva l  were as follows: 

Wind direct ion,  deg true 
Wind speed, knots 

260 
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Sea s t a t e  3- f oo t  waves a t  3-s econd 
in tervals  from 260 deg 
and 3-foot swells a t  3- 
second in tervals  from 
110 deg 

A i r  temperature, OF 74 

Cloud cover 600-foOt overcast 
Water temperature, O F  

V i s i b i l i t y ,  n. mi. 
81 

2 

The spacecraft condition a t  r e t r i eva l ,  according t o  the  i n i t i a l  
report,  was as follows: 

Heating e f f e c t s  - A f t  heat shield was noma1 but the crew compart- 
ment heat shield was charred Zess than expected. 

Windows - A l l  windows fogged between panes, clearing within qprox -  
imately 4 hours. 
residue which d i d  not clear.  

Right and l e f t  rendezvous windows had very t h i n  rainbow 

Apex cover - Not sighted; however, a piece of  insulat ion material 
believed t o  be o f f  the apex cover w a s  recovered. 

Main parachutes - Not sighted a f t e r  normal separation. The f l i g h t  
crew reported seeing them sink shortly a f t e r  separation. 

In t e r ior  - About 2 gallons o f  water were found, and a sample w a s  
taken. 



EXPERIMENTS 

Two experiments, Synoptic Ter ra in  Photography and Synoptic Weather 
Photography, were included on t h i s  mission. Preliminary information in-  
d i ca t e s  t h a t  most o f  t h e  t e r r a i n  photography w a s  performed, and 203 uzc- 
fuZ coZor photographs were obtained. 

For meteorological photography, 27 phenomena were of i n t e r e s t  ; a t  
least 7 were apparently photographed and 8 o thers  m a y  have been. 
most successfu l  w a s  photography of t r o p i c a l  storms. Three storms were 
i n  view of t h e  spacec ra f t ,  two of which reached hurr icane i n t e n s i t y .  
ExceZZent photographs were obtained of Hurricane Gladys and the eye of 
Typhoon Gloria, i n  addition t o  cuntuZus cZoud s t ree t s  i n  many areas rmd 
iazder a vavYie-hj o f  w i n d  conditions, eddies i n  the lea  of is lands,  moun- 
tainous area shooing the  detaiZed d is t r ibu t ion  of snm, cirrus cZouds i n  
many configurations, and smoke pZwnes. Of part icular  i n t e r e s t  t o  ocean- 
ography are uims o f  underwater bottom configurations, the d is t r ibu t ion  
o f  turbid r iver  effZuents,  and sea sueZls. 

The 



AEROMDICAL 

No abnomtal physical findings were found on pre f l i gh t  examinations. 
Postflight, the  only physical f indings of note were minor residual signs 
.of a cold and a minor serow ot i tua media i n  the r igh t  e m  of one crew 
member. 

D&ng the  f l i g h t ,  physiological data about the e l e c t r i c a l  a c t i v i t y  
of the  heart and respirat ion were telemetered f o r  the f i r s t  8 duys of 
t he  f l i g h t .  The l-sigma d is t r ibu t ion  of sampled f l i g h t  data indicate  
tha t  the Comander's heart rate  ranged between 53 and 92 b e a t s / h n ,  the 
Command Module P i lo t  (CMP) between 61 and 99 beats/mLn, and the  Lunar 
Module P i lo t  (LMP) betueen 50 and 90 beats/min. 
a s ign i f icant ly  higher mean heart ra te  than the  other crewmen. A l l  ob- 
served heart and respirat ion rates were normal. 

While the CW exhibi ted 

A var ie ty  of biochemical mrd microbiological t e s t s  were conducted 
A preliminary analysis of on each crewmember before and a f t e r  f l i g h t .  

laboratory re su l t s  shows no a l tera t ion  i n  any  tal parameters. 

crewmembers indicate  that  the losses i n  bone density during the  f l i g h t  
were the Zmest  recorded on any mission t o  date. I t  i s  speculated tha t  
the  in t ravehicu lm a c t i v i t i e s  undertaken by the  creu were p a r t i a l l y  re- 
sponsible f o r  these re su l t s .  

Preliminary re su l t s  of bone demitometric  t e s t s  performed on the  

Fowl of the  294 rehydratable food bags f a i l e d .  A l l  faiZures were 

Beef stew b i t e s  
associated with the im ta lZa t ion  of the  mouth piece and represent an 
inspect ion problem, not design or  material f a i lu res .  
were the  main i tem which caused c d s ,  and t h i s  i tem shal l  be removed 
from future menus. An rmalysis of  the potable water conducted 28 hours 
a f t e r  the f i n a l  i n f l i g h t  chlorination indicates an above normal content 
o bacteria.  
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TABLE: I1 .- ORBITAL ELEMENTS 

Apogee, n .  m i .  . . . 
Perigee,  n.  m i .  . . . 
I n c l i n a t i o n ,  deg . . Period,-min . . . . . . 

Event 

, .  

I n s e r t i o n  

. .  

Apogee, n. mi. . . . 
Period,  min . . . . . 
I n c l i n a t i o n ,  deg . . 
Perigee,  n .  m i .  . . . 

S-IVB s a f i n g  I 153.5 
122.6 
89.70 
31.64 

Reaction con t ro l  
system phasing 
maneuver 

Apogee, n.  m i .  . . . 
Perigee,  n. mi. . . . 
Period,  min . . . . . 
I n c l i n a t i o n ,  deg . . 

Reaction con t ro l  
system phasing 
maneuver 

'First '  s e rv fce  pro- 
pu l s ion  system 
maneuver 

167.0 
122.8 
89.86 
31.61 

Second s e r v i c e  pro- 
pu l s  i on system 
maneuver 

Terminal phase 
i n i t  i a t  ion 

Apogee, n.  m i .  . . . 
Perigee,  n. mi. . . . 
Period,  min . . . . . 
I n c l i n a t i o n ,  deg . . 

Condition 

153.1 
113.6 
89.43 
31.62 

Before I 

Apogee, n.  mi. . . . 
Perigee,  n .  mi. . . . 
Period,  min . . . . . 
I n c l i n a t i o n ,  deg . . 
Apogee, n .  mi. . . . 
Perigee,  n.  mi. . . . 
Period,  min . . . . . 
I n c l i n a t i o n ,  deg . . 

I 164.8 
123.9 

% 89.87 
31.62 
I 

I 164.0 
119.9 
89.75 
31.62 

Perigee,  n.  mi. 125.1 

I n c l i n a t i o n ,  deg . 31.61 
Period,  min . . . 90.43 

. Afte r  

153.5 
122.6 
89-70 
31.64 

167.0 
122.8 
89.86 
31.61 

165 .i 
124.1 
89.88 
31.62 

164.4 
119.8 
89 75 
31.61 

196.1 
125.1 
90.43 
31.62 

153.1 
113.6 
89.43 
31.62 

153 -9 
121.7 
89.65 
31.62 
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Event Condition Be f o r e  

TABLE 11.- ORBITAL ELEMENTS - Concluded 

Af te r  
~ 

Apogee, n. m i .  . . . 
Perigee,  n. mi. . . , 
Period,  min . . . . . 
I n c l i n a t i o n ,  deg . . 
Apogee, n. m i .  . . . 
Perigee,  n.  mi. . . . 
Period,  min . . . . . 
I n c l i n a t i o n ,  deg . . 
Apogee, n. m i .  . . . 
Period, min . . . . . Perigee,  n. m i .  . . . 
I n c l i n a t i o n ,  deg . . 
Apogee, n. mi. . . . 
Perigee,  n. mi. . . . 
Period,  min . . . . . 
I n c l i n a t i o n ,  deg . . 

Terminal phase 
f i n a l i z e  

153.9 161.4 
121.7 121.6 
89.65 89.76 
31.62 31.62 

161.4 161.5 
121.6 122.0 
89.76 89.83 
31.62 31.64 

159 3 160 .o 
121.5 90.3 
89.68 89.13 
31.61 31.23 

150.7 157.5 
88.9 90.3 
88.99 89.15 
31.23 31.25 

Separat ion a f t e r  
r e  nde z vous 

Apogee, n. mi. . . . 
Perigee,  n. m i .  . . . 
Period,  min . . . . . 
I n c l i n a t i o n ,  deg . . 
Apogee, n. mi. . . . 
Perigee,  n. mi. . . . 
Period,  min . . . . . 
I n c l i n a t i o n ,  deg . . 
Apogee, n .  mi. . . . 
Perigee,  n. mi. . . . 
Period, min . . . . . 
I n c l i n a t i o n ,  deg . . 
Apogee, n. mi. . . . 

I n c l i n a t i o n ,  deg . . 
Perigee,  n.  m i .  , . . 
Period,  min . . . . . 

Third se rv ice  pro- 
pu l s  ion system 
maneuver 

148.6 244.7 
89.4 89.8 
88.87 90 * 72 
31.22 31.07 

236.3 236.2 
90.1 90.2 
90.61 90.61 
30.10 30.06 

230.8 231.3 
90.2 90 .O 
90.51 90 * 51 
30.07 29.86 

227.0 
90.0 
90.45 
29.89 

Fourth s e r v i c e  pro- 
pu l s  i on system 
maneuver 

F i f t h  se rv i ce  pro- 
pu l s ion  system 
maneuver 

S ix th  se rv ice  pro- 
pu l s  i on system 
maneuver 

Seventh s e r v i c e  pro- 
pu l s  i on system 
maneuver 

Eighth se rv ice  pro- 
puls ion system 
maneuver 
( deorbi t  ) 
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Planned 

TABLE 111.- SEQUENCE OF EVENTS 

Actual 

Range zero (15:02:45 G . m . t . )  

L i f t -o f f  (15 :02:45.36 G . m . t  . ) 
Maximum dynamic pressure 

S-IB inboard engine cutoff  

S-IB outboard engine cutoff  

S-IB/S-IVB sepa ra t ion  

S-IVB engine i g n i t i o n  

E s c ape t owe r j e t  t is  on 

S-IVB engine cu to f f  

Orb i t a l  Phase 
~ ~~~~~ 

O r b i t a l  i n s e r t i o n  

S-TVB s a f i n g  start  
S-IVB s a f i n g  terminate  

S-IVB takeover 

CSM/S-IVB separat ion 

F i r s t  phasing maneuver (RCS) s t a r t  
F i r s t  phasing maneuver (RCS) cutoff  

Second phasing maneuver (RCS) s ta r t  
Second phasing maneuver (RCS) cutoff  

F i r s t  s e r v i c e  propulsion i g n i t i o n  
F i r s t  s e r v i c e  propulsion cutoff 

Second se rv ice  propulsion i g n i t i o n  
Second s e r v i c e  propulsion cutoff  

Terminal phase i n i t i a t e  (RCS) s ta r t  

Terminal phase f i n a l i z e  (RCS) on 

00:00:00.2 

00:01:15.6 

00:02:20.28 

00:02:23.28 

00:02:24.58 

00:02:25.98 

00:02:43.28 

00:10:14.80 

00:10:l4.8 

01:34:27.0 
01:46:28.0 

02:29:55 
02:54:55.17 

03:20: 00 
O3:20:16.3 

15: 52: 00 
15:52:18.5 

26:24:55.2 
26:25:04.7 

28: 00: 56.0 
28:01:03.8 

29: 18: 34.0 

29: 53: 34 

00:00:00.36 

00:01:15.5 

OO:O2:20.65 

00:02:24.32 

00:02:25.59 

00:02:27.06 

00:02:46.54 

OO:10:16.76 

00:10:26.76 

01: 34: 28.96 
01:46:29.96 

02:31:21 
02:55:02 

03:20:09.87 
03:20:37.3 

15 : 52: 00 
Not a v a i l .  

26:24:55.68 
26:25:05.09 

28:00:56.46 
28:01:04.29 

29:17: 55 
29 : 54 : 33 
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TABLE 111.- SEQUENCE OF EVENTS - Concluded 

Event 
I Time. hr:min:sec 

I Planned I Actual 

O r b i t a l  Phase - Concluded 

Separation maneuver (RCS) s ta r t  
Separation maneuver ( R C S )  cu to f f  

Third service propulsion i g n i t i o n  
Third se rv ice  propulsion cu to f f  

Fourth se rv ice  propulsion i g n i t i o n  
Fourth se rv ice  propulsion cu to f f  

F i f t h  service propulsion i g n i t i o n  
F i f t h  service propulsion cu to f f  

S ix th  service propulsion i g n i t i o n  
Sixth service propulsion cu to f f  

Seventh se rv ice  propulsion i g n i t i o n  
Seventh se rv ice  propulsion cu to f f  

Eighth service propulsion i g n i t i o n  
Eighth se rv ice  propulsion cu to f f  

30: 20: 00 
30:20:05.4 

75:47: 58.6 
75:48:07.8 

120 : 43 : 00 
120:43:00.4 

165 : 00: 00 
165:01:05.9 

210 : 08 : 00 
210:08:00.4 

239: 06: 11 
239 : 06~8.8 

259: 39 :15.9 
259:39:27*9 

Entry Phase 

Command module/service module separa- 

Entry i n t e r f a c e  (400 000 f e e t )  

Enter blackout 
Leave blackout 

Drogue deployment 

Main parachute deployment 

Landing 

t i o n  
259:43:33.2 

259 : 53 : 26 
259 : 56: 17 
259:59:14 

260 : 03 : 28 

260 : 04 : 14 

260 :08: 58 

~~~ 

30:20:00 
30:20:05.4 

75:48:00:29 
75 : 48: 09.34 
120 : 43 : 00 
120: 43: 00.5 

165 : 00 : 00 
165:01:07.6 

210:08:00.47 
210: 08: 00.98 

239:06:11 
239: 06: 18.9 
259:39:15.9 
259:39:27.7 

259 : 43: 33.2 

259:53:25.29 

259 : 54 : 58 
259: 59: 46 
260 : 03: 22 
260:04:13 

260 : 09 : 08 


